Linkage of data collected by large Canadian cohort studies with provincially managed administrative health databases can offer very interesting avenues for multidisciplinary and cost-effective health research in Canada. Successfully co-analyzing cohort data and administrative health data (AHD) can lead to research results capable of improving the health and well-being of Canadians and enhancing the delivery of health care services. However, such an endeavour will require strong coordination and long-term commitment between all stakeholders involved. The challenges and opportunities of a panCanadian cohort-to-AHD data linkage program have been considered by cohort study investigators and data custodians from each Canadian province. Stakeholders acknowledge the important public health benefits of establishing such a program and have established an action plan to move forward.
T he Canadian Longitudinal Study on Aging (CLSA) 1 and the Canadian Partnership for Tomorrow Project (CPTP) 2 are two important nationwide longitudinal cohort studies currently underway in Canada. The large number of subjects targeted for recruitment in these cohorts and the collection of repeated observations over time will allow investigators to identify the many factors influencing healthy aging and the complex etiological pathways of chronic diseases affecting an increasingly large number of Canadians. Information collected on lifestyle and behaviours, health outcomes, social and physical environments, and biological measures -including genetic information -will help establish two long-term, pan-Canadian research platforms, which will provide many opportunities for innovative health research. To complement information collected by each cohort, both CLSA and CPTP anticipate linking consenting participants' data to information collected in provincial administrative health databases (AHD) such as vital statistics, hospitalizations, physician billing, and prescription drugs. In an effort to begin addressing the challenges and opportunities related to a pan-Canadian linkage program, a workshop bringing together CLSA and CPTP investigators, and data custodians from each provincial ministry of health was held in Toronto in September 2011.*
Why link administrative and cohort data?
Implementing a data linkage strategy between administrative databases and population-based observational studies can provide important contributions to the Canadian health research community. First, in the context of the CLSA, CPTP, and similar cohorts, such data linkage can provide a means of enriching study datasets with additional data not being collected directly from study participants, offer vital information on health outcomes of participants, and serve to validate self-reported information. Second, linkage of existing databases offers a cost-effective means to maximize the use of existing publicly funded data collections. 4 Third, by combining a wide range of risk factors, disease endpoints, and relevant socio-economic and biological measurements at a population level, linkage lays the groundwork for multidisciplinary health-research initiatives involving investigators from a wide number of fields such as public health, epidemiology, clinical epidemiology, genetics, pharmacology, economics, ethics, and policy. Such wide-ranging data collections allow the exploration of new hypotheses not foreseeable using independent datasets. Last, a coordinated pan-Canadian cohort-to-administrative linked database would establish legacy research infrastructures that will better equip the next generation of researchers across the country. Having foreseen such opportunities, the CLSA and the CPTP have included questions related to data linkage in their participant informed consent forms. Data custodians were also directly consulted in the development of these forms.
Building from experience: Existing data linkage initiatives
In a number of countries and jurisdictions around the world, integrating and linking different types of information from different sources is helping to create rich data repositories for research purposes. For example, the Western Australia Data Linkage System (WADLS), an international leader in data linkage, has now managed to link up to 40 years of data from over 30 population-based datasets (e.g., births, deaths, hospital inpatients, research surveys, electoral rolls) covering the 2 million inhabitants of Western Australia. 3 Data stored, managed and linked at the WADLS have been used by over 400 studies, resulting in more than 250 journal publications and 35 graduate research degrees. 3 The success of the WADLS program has also provided impetus for the establishment of the Population Health Research Network (PHRN; www.phrn.org.au), a linkage project which will establish data linkage units in all Australian states/territories and facilitate crossjurisdictional data integration. Once fully established, the PHRN is expected to become the world's largest population database supporting health research, policy, and planning. 5 The Cohort of Norway (CONOR), a collaborative initiative between the Norwegian Institute of Public Health and four universities across the country, has made use of Norwegian unique identification numbers to link health survey data from consenting participants to administrative data (e.g., national health registries, prescription drugs, disease registers, census), and thereby help build a nationally representative multipurpose cohort. 6 A number of data linkage initiatives also exist in Canada. The Manitoba Centre for Health Policy (MCHP; www.umanitoba.ca/centres/mchp/) is recognized as an international leader in providing access to, and making use of, linked administrative information for research purposes. Through various data-sharing agreements and collaborations, the MCHP now holds over 100 linkable datasets in domains ranging from administrative, survey and clinical health databases to justice and education databases. Other notable Canadian data linkage projects include pro- 
Nationwide longitudinal cohorts and AHD linkage: Challenges and opportunities
Although we can build on the considerable work that has been achieved in data linkage in Canada and internationally, the longitudinal and pan-Canadian nature of the CLSA and CPTP makes linkage to AHD an unprecedented endeavour that will face extensive new challenges, as highlighted by data custodians at the Toronto workshop. For some provinces, the most significant challenge is in current legislative interpretation that administrative data cannot cross provincial jurisdictional boundaries, requiring that linkage take place province by province and prohibiting cross-provincial transfers of data. Moreover, some data custodians indicated limited resources and capacity to meet data access, extraction and linkage requests -secondary use data-access requests from researchers being generally met when, and if, there is time. Furthermore, the quality and completeness of AHD are generally not ideal, thus requiring data cleaning and validation work. Workshop participants also underlined that "longitudinal" linkage with cohort data (i.e., repeated or updated through time) has never been conducted on such a large scale in the past. Last, CLSA/CPTP-to-AHD linkage also poses unique challenges in that, in contrast to more traditional requests to link data to answer one-off research questions, it aims to establish a rich data repository that will allow investigators to answer a multitude of research questions over time.
As both the CLSA and CPTP aim to collect and link participant data for the next two to five decades, such a project will involve long-term and active engagement by provincial ministries. The unique and multijurisdictional nature of the project will require that: 1) some legislative impediments related to health-information access be addressed; 2) appropriate safeguards and data-sharing agreements be put in place; and 3) new linkage mechanisms be developed to allow interprovincial pan-Canadian research in a manner that protects participants and their personal information and respects applicable legislation. Innovative ethico-legal and information technology tools are helping address these conditions for a successful cohort-to-AHD linkage initiative. For example, conceptual frameworks such as risk-based de-identification 7 and Privacy by Design 8, 9 can help cohort representatives and provincial data custodians establish appropriate measures which ensure the security and privacy of sensitive data. New protocols for data encryption and analysis of distributed databases can also offer solutions to the issue of sharing individual-level data across institutions and across jurisdictions. [10] [11] [12] Toronto workshop participants generally agreed that the challenges are surmountable, and that the important public health benefits of an effective linkage process would indeed justify the efforts required to put it in place. A five-point action plan was therefore What Is Data Linkage?
Data linkage is "the bringing together from two or more different sources, data that relates to the same individual, family, place or event". 3 When linking data at the individual level, a common identifier (or a combination of identifiers) such as a personal health number, date of birth, place of residence, or sex, is used to combine data related to the same person but found in separate databases. Data linkage has been used in a number of research fields but is an especially valuable tool for health research given the large amount of relevant information collected by institutions such as governments, hospitals, clinics, health authorities, and research groups that can then be matched to data collected directly from consenting individuals participating in health research.
established: 1) build strong collaborative relationships between stakeholders involved in data sharing (e.g., researchers, data custodians, and privacy commissioners); 2) identify an entity which could provide overall leadership as well as individual "champions" within each province; 3) find adequate and long-term resources and funding; 4) clarify data linkage and data-sharing models and develop a common framework within which the data linkage process takes place; and 5) develop a pilot project making use of a limited number of linked variables from participating provinces. Over the course of the next 3 to 5 years, this action plan will be implemented, as linked data become more and more useful and relevant over the course of the study follow-up phases.
CONCLUSION
Linkage of administrative databases to the in-depth measures collected by large longitudinal cohorts provides a unique opportunity for creating what Roos et al. (2004) have described as "information-rich environments" for the Canadian research community. 13 Given the current economic climate, governments and funding agencies are looking for ways to implement cost-efficient improvements to the health and well-being of the population and to continue to provide essential health care services. Indeed, jurisdictions around the world are beginning to establish integrated health information systems and infrastructures that maximize the value of health and health-related data. 5 In Canada, successfully combining and analyzing cohort data and provincially managed administrative data will require innovative approaches to data linkage and cross-jurisdictional data sharing. The meeting of Canadian stakeholders is a first step to moving this agenda forward. If successful, a CLSA/CPTP-to-AHD linkage could indeed lead to policyrelevant research results capable of improving Canadian clinical care and public health, and would undoubtedly benefit other longitudinal research projects in the future by setting a precedent for similar cost-efficient and powerful analytical tools.
